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Among pelagic sharks, the Blue shark, Prionace glauca (Carcharhiniformes, Carcharhinidae) is known to be the most 
abundant. Although, blue shark is relatively productive, concerns have been raised related to the decline in population of 
these apex fish predators; and this decline can affect the marine ecology. This paper presents catch per unit effort (CPUE) 
data of blue sharks obtained from observers’ on-board Chinese pelagic longline fishing vessels from 2009–2014 in the 
Pacific Ocean. All the blue shark species were incidentally captured (without shark hook). Nominal CPUE ranged from 0 
individual per 1000 hooks to 5.21 individuals per 1000 hooks; the highest annual average nominal CPUE recorded in this 
study was 0.89 individual per 1000 hooks in 2011 while, 0.58 was the lowest recorded in 2010. Our results equally indicates 
that, blue shark population was so close to MSY level showing that fishing mortality rate might surpass MSY level in the 
future, since decrease in catches were observed. Therefore, additional management measures should be implemented in the 
Pacific Ocean in order to achieve a healthy stock status of this species. 
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Introduction 
Blue shark Prionace glauca, found in temperate and 
tropical waters in the world is the main byproduct in 
many commercial fisheries including longline and 
gillnetfisheries1. Shark byproducts in commercial 
fisheries, particularly, in longline fishing vessels have 
increasingly been a worrying issue amid marine 
scientists due to their significance in marine ecosystems2. 
Additionally, captures of blue sharks are very common, 
since they’re the highly incidentallycaught shark species 
in longline commercial fisheries in the world. The 
official data-poor, reporting the scale of catch and 
mortality, and production can be estimated as 6.5–11 
million individuals per year3-5. Their growth is a major 
concern regarding the overfishing potential of sharks in 
the current levels of exploitation; different RFMOs 
(Regional Fishery Management Organizations) have 
incited numerous efforts to evaluate the status of shark 
stocks.  
The fin trade among many other activities is a main 
threat to the population of shark species. Records 
from the shark fin market shows that, blue sharks, are 
the dominant shark species with the highest exploited 
fins in shark fin trade market6. This is attributed to the 
fact that, blue sharks are widely distributed throughout 
the oceanic waters worldwide. Also, trade record 
analysis presently reports that, blue sharks in the 
world may be facing exploitation at levels closer to or 
above maximum sustainable yield3. As far as prior 
studies are concerned, declines in catch-per-unit-
effort (CPUE) of greater than 60 % was estimated  
for blue sharks in the Northwest Atlantic Ocean over 
the past 15 years8; and the abundance of blue sharks 
in the Central Pacific Ocean decreased in 1990s, 
assessed to be only 13 % of its abundance in 1950s9. 
All above studies reported that the stocks of blue 
sharks in these regions were vulnerable. Stock 
assessment for blue shark carried out in the North 
Pacific Ocean indicated that this species population 
appeared to be declining10. The biology of blue  
shark is well documented in the South Atlantic11, 
North-west Atlantic12, North-east Atlantic13, Indian14, 




southeastern Pacific15, and North Pacific Oceans16. 
However, there were relatively few descriptions of the 
blue shark in the Western and Central Pacific Ocean 
(WCPO). 
In this paper, based on data obtained from the 
Chinese Longline Fishery Observer Program mainly 
targeting tuna species in the Pacific Ocean from 2009 
to 2014, we had as objective to firstly, describe the 
biology of blue shark caught by Chinese longliners; 
secondly, to analyze the reproductive characteristics 
of the blue shark; thirdly, to analyze the monthly and 
annual nominal CPUEs, and finally to examine the 
stock condition of blue shark in the Pacific Ocean. 
 
Materials and Methods 
 
Survey description 
All the data analyzed in this paper were collected 
based on Chinese Longline Fishery Observer Program 
mainly targeting tuna species in the Pacific Ocean 
(including Western, Central and Eastern Pacific 
Ocean) from 2009 to 2014 (Fig. 1). Altogether, 2340 
sets were observed during a period of 6 years. All 
trained scientific observers were in charge of 
collecting biological data for tunas, bycatches, and 
fishing information on board longliners. Data 
provided by the Commission of Western and Central 
Pacific Ocean (WCPFC) was used for the analyses of 
the stock condition of blue shark in the Pacific Ocean.  
 
Biological data collection 
Round body weight (RW) and Liver weight (LW) 
were measured to the nearest kilogram (kg). 
Additionally, the following morphological measurements 
were made over the curve of the body to the nearest 
centimeter (cm): Total length (snout to a perpendicular 
line from the tip of the upper caudal fin in a normal 
position; TL), Fork length (snout to the deepest point 
of fork tail; FL), and Clasper length (CL). Gonad 
weight was measured to the nearest gram (g). Selected 
specimens were dissected to observe internal organs. 
Following Lucifora17, male sharks were regarded 
mature when claspers were calcified and freely 
rotated forward. In addition to pregnant ones, females 
with puffy oviducal glands, widened uteri all along 




All length and weight relationships were estimated 
using Microsoft Excel Worksheet 2016 Version; as 
well as various monthly and annual nominal CPUEs, 
and the production of blue sharks in the WCPO from 
1994 to 2014. Chi-squared tests of sex ratio of 
females and males were conducted using SPSS 





Length, round weight and liver weight 
Where fairly large numbers of Total length (TL), 
Fork length (FL), Round weight (RW) and Liver 
weight (LW) from different seasons were recorded, 
but small sizes of blue sharks were caught during the 
survey period in the Pacific Ocean from 2009 to 2014, 
the relationship between FL and RW was described  
as RW = 7 x 10-7FL3.3029 (R2 = 0.848) (Fig. 2). More 
relationships between the TL, FL, RW and LW were 
also analyzed (Figs. 2a - d). Although, the correlation 
 
 




Fig. 2 —The relationship between a) Fork length and Round 
weight; b) Total length and Liver weight; c) Fork length and Liver 
weight; and d) Round weight and Liver weight. 




of the Fork length and Liver weight; Round weight 
and Liver weight could be calculated as LW = 0.022 x 
e0.0239FL (R2 = 0.45) and LW = 0.4867 x e0.0587RW (R2 = 
0.5756) separately, their correlation coefficients (R2) 
obtained were relatively low. 
 
Reproductive characteristics  
 
Sex ratio 
Random samples of 1952 individuals (823 females 
and 1129 males) showed that the sex ratio for female 
and male blue sharks caught was 1:1.37. The chi-
squared test proved that the sex ratio was 
considerably different from 1:1 (P < 0.05). A total of 
88 pregnant individuals were detected showing that 
the sex ratio for females and males was 1:0.96. The 
Chi-squared test, however, showed anon-significant 
difference from 1:1 (P > 0.05). 
 
Clasper length 
A total of 150 right outer clasper lengths (CL) of 
Male blue sharks were measured during the period 
when observers were on-board the tuna longline 
vessels in 2014; the range of clasper lengths measured 
was between 7 and 32 cm, with an average of 21.79 
cm. The association between clasper length and Fork 
length of male blue sharks could be described as  
a binomial expression model: CL = -0.0013FL2+ 
0.7031FL-65.318 (Fig. 3a), (R2 = 0.7237, n = 150). 
All claspers of the 150 males were elongated and fully 
calcified, which indicated that these males were 
mature and that their minimum length at maturity  
may be less than 142 cm (FL). On the other hand, data 
obtained during the period from 2009-2013, showed 
thatthe relationship between clasper length and Total 
length converged to a range of values instead of 
regressing (Fig. 3b). 
 
Length and gonad weight 
Data of 60 females (FL, RW, and Ovary weight) 
and 97 males (FL, RW, and Testis weight) were used 
to analyze the relationship between length and gonad 
weight. Relationships of Fork length and Ovary 
weight, Round weight and Ovary weight, Fork length 
and Testis weight, Round weight and Testis weight 
are shown in Figures 4(a-d). All these 4 relationships 
did not presentnormal regressions. 
 
Catch rate 
Nominal CPUE (Catch per Unit of Effort) is an 
important index of stock assessment and fishery 
management which reflects the fishery abundance. It 
was described as individuals per 1000 hooks. A total 
of 2350 sets in different seasons were collected and 
analyzed monthly and annually from 2009 to 2014. 
From January to July, the nominal CPUE showed a 
decreasing trend, but from July to December, the 
nominal CPUE increased (Fig. 5a). From 2009 to 
2014, nominal CPUEs recorded stable fluctuations 
that were between 0.58 individuals per 1000 hooks 
and 0.89 individuals per 1000 hooks (Fig. 5b). 
 
Stock condition 
According to the data provided by the WCPFC 
from 1994 – 2013, catch of blue shark increased from 
1994 to 2000, it reached to apeakof 42340 MT in 
2000; but from 2000 – 2013, the catch of blue shark 
decreased (Fig. 6). The catch of blue shark in 2009 
 
 
Fig. 3 — The relationship between a) Fork length and Clasper 
length; and b) Total length and Clasper length from 2009 - 2013 
 
 
Fig. 4 — The relationship between a) Fork length and Ovary 
weight; b) Round weight and Ovary weight; c) Fork length and 




Fig. 5 — Normal CPUE distribution a) for different months; and 
b) from 2009 to 2014 




was at the same level as that of 1994. The amount of 
blue shark caught in 2013 was 7/10th as it was in 1994. 
At present, the production of blue shark in the WCPO 
is relatively low. 
 
Discussion 
Information regarding the length composition, sex 
ratio, distribution and relative abundance of blue 
sharks in Western and Central Pacific Ocean is still 
rare. Many blue shark studies have been conducted in 
the northwestern, northeastern and north Atlantic but 
few in the Western and Central Pacific Ocean; 
though, the stock status of this species remains 
unclear in the region due to the complexity of its 
population structure and highly migratory behavior. 
This study provides complementary data that will 
contribute to understand and characterize the stock 
configuration of this species in the region. 
 
The biology of blue shark 
The length–weight relationship is an important 
parameter in assessing fish stocks. The fitted function 
for Fork length and Round weight was RW = 7 x 10-
7FL3.3029 (R2 = 0.848). In the distance-water longliner, 
blue sharks Round weight can be converted to dress 
weight18 which would effectively improve the data-
poor situation of blue sharks for a better stock 
assessment. The liver weight of pregnant blue sharks 
was lighter than non-pregnant blue sharks at the same 
total length, for the reason that the mother blue shark 
absorbs nutrients to the fetus through the placenta 
from the liver19. So, the relationship between length or 
round weight with Liver weight proving to be a 
random relationship for small sizes of blue sharks 
wasn’t caught during the period when the observers 
were onboard vessels. 
Reproductive biology  
The sex ratio of female to male blue sharks caught 
from 2009 to 2014 wassignificantly different from 
1:1; during the observers program, many male blue 
sharks were caught than female individuals in the 
Pacific Ocean. The result was consistent to that of 
Porsmoguer20 who conducted an experimental study 
showing thathooks equipped with magnets can 
increase catches of blue sharks in longline fisheries, 
the most abundant being the male specimens. Our 
study also supported that the sex ratio of pups at birth 
amounted to 1:1, as reported by Mejuto and García-
Cortés21, but the difference of sex ratio between 
individuals caught by longliner and individuals of 
pups in gravid females was not easy to explain, may 
be the females became weaker after reproduction and 
more vulnerable, leading to the decrease in their 
population. In addition, Hazin11 reported that females 
appear to be distributed somehow closer to the surface 
than males in some tropical zones, considering this 
study, male blue sharks will be higher than females in 
fishing operated zones targeting tuna species. The 
gonad weights related to the level of gonad 
development were not identified in the samples 
collected. However, this study showed that minimum 
length at maturity was less than 142 cm (FL). Clasper 
length growth being directly proportional to the Fork 
length but when the clasper length develops large 
enough, it showed slight shrink with increase in Fork 
length. 
 
Blue shark stock condition in the Pacific Ocean 
Currently, the production of blue shark in the 
Pacific Ocean is in a decreasing trend according to the 
statistics provided by the WCPFC. Specifically, the 
number of blue sharks caught in 2013 in the WCPO 
was only the 7/10th of what was caught in 1999. 
Moreover, Rice10 showed that blue sharks in the 
North Pacific Ocean are still not overfished; but it 
indicates that the population is at least close to MSY 
level and that fishing mortality may approach the 
MSY level in near future, as shown by the decrease in 
catch analyzed in this study. Anyway, the stable 
fluctuation of nominal CPUE supported that the blue 
shark in the Pacific Ocean is still at a healthy level but 
might possibly decline in the nearest future. However, 
the nominal CPUE observed from 2009 to 2014 
showed seasonal variations indicating high nominal 
CPUEs from November to April, and from May to 
October. Time series observation data had some 
influences on yearly CPUE standardization which 
 
 
Fig. 6 — The production of blue shark varying between years in 
the Western and Central Pacific Ocean 
 




affected the results of the stock assessment. In 
addition, small sizes of average total lengths were 
observed (214.16 cm TL in 2013, and 212.36 cm in 
2014) during present study. Smaller total lengths in 
blue shark observed in present study as compared to 
studies of blue sharks elsewhere confirmed that, the 
stock condition of blue shark in the Pacific Ocean is 
not healthy enough and may probably decline in near 
future if it stays in this current exploitation level. 
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